Events around the Triassic–Jurassic boundary in northern

and eastern Spain: A review by Gómez Fernández, Juan José et al.
 
 
 
 
Events around the Triassic–Jurassic boundary in northern 
and eastern Spain: A review 
Juan J. Gómez a,⁎, Antonio Goy b, Eduardo Barrón c 
a Departamento de Estratigrafía, Facultad de Ciencias Geológicas, Instituto de Geología Económica (CSIC-UCM), 
Universidad Complutense, 28040 Madrid, Spain 
b Departamento de Paleontología, Facultad de Ciencias Geológicas, Instituto de Geología Económica (CSIC-UCM), 
Universidad Complutense, 28040 Madrid, Spain 
c Museo Geominero, Instituto Geológico y Minero de España, Rios Rosas 23, 28003 Madrid, Spain 
 
 
 
Abstract 
 
More than 20 successions containing the Triassic–Jurassic (T–J) boundary were studied in five of the major geological units of 
Spain. The data are from outcrop, cored boreholes, and interpreted well-logs. A consistent − 3.4‰ δ13Corg isotope excursion, 
starting in the Rhaetian and continuing in the Hettangian, was recorded in Asturias. Climate changes in the T–J transition show a 
warming episode in the early Hettangian. Other climate changes are indicated by an increase in hygrophytic miospores above the 
T–J boundary; this reflects a more humid episode at the beginning of the Hettangian. The Messejana Dyke in southeastern Iberia is 
part of the Central Atlantic Magmatic Province (CAMP). CO2 outgassing related to extensive magmatic activity in the CAMP is 
thought to be one of the possible factors responsible for the end-Triassic mass extinction. No major sea-level changes or 
unconformities were recorded at the T–J boundary. Only in the Asturias area was there a well-defined shallow carbonate platform 
during the T–J transition. The other areas of eastern and northern Spain were occupied by coastal playas and sabkhas that 
developed in arid climatic conditions. The biotic crisis around the T–J boundary is reflected in the palynomorph record. In 
Asturias, seven species do not persist beyond the late Rhaetian, and only six appeared in the Triassic–Jurassic transition. However, 
22 taxa appeared in the early Hettangian. 
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1. Introduction 
 
Understanding the geological and biological events 
that occurred near the Triassic–Jurassic (T–J) boundary 
has been the objective of much recent geological 
research. The occurrence of one of the five largest 
terrestrial and marine mass extinctions, the appearance 
of massive igneous extrusions in the Central Atlantic 
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Magmatic Province (CAMP), associated with a major 
phase of break-up of Pangaea, and significant distur- 
bances in the carbon cycle, define the T–J transition as an 
episode of major global change (Hallam and Wignall, 
1997; Marzoli et al., 1999; Ward et al., 2001; Pálfy et al., 
2001; Tanner et al., 2001; Hesselbo et al., 2002; 
Beerling, 2002; Guex et al., 2004; Tanner et al., 2004). 
The mechanisms responsible for the T–J mass extinc- 
tion, summarized by Tanner et al. (2004) include changes 
in sea level (Hallam, 1989, 1990, 1995, 1998; Hallam 
and Wingall, 1999, 2000; Hesselbo et al., 2004), climatic 
 
 
changes (Tucker and Benton, 1982; Jenkyns, 2003), 
bolide impact (Olsen et al., 1987, 2002a,b), outgassing 
during volcanism (CO2 and SO2) and its subsequent 
climatic effects (McElwain et al., 1999; Marzoli et al., 
1999; Wignall, 2001; Hesselbo et al., 2002; Beerling, 
2002; McHone, 2003; Huynh and Poulsen, 2005), and 
the release of methane hydrates leading to significant 
global warming (Pálfy et al., 2001; Retallack, 2001). 
Some authors have explored the possibility that a 
meteorite impact together with continental flooding 
with basalts may have been necessary to cause the largest 
extinctions (White and Saunders, 2005). 
Triassic and Jurassic deposits crop out extensively in 
the northeastern quarter of Spain (Fig. 1) and are proved 
in oil exploration wells drilled in the Cenozoic basins in 
that region. However, the location of the T–J boundary 
is imprecise in these areas. No Rhaetian ammonites have 
been found in Spain, except for a possible Arcestidae? 
found in Asturias (Gómez et al., 2005). Hettangian 
ammonites have only been reported from the Betic 
Cordillera in southern Spain (Braga et al., 1984a,b) and 
from Asturias in northern Spain (Llopis, 1961; Dubar 
et al., 1963; Gómez et al., 2005). Due to the continental 
to very shallow platform environments in which the 
sediments of the T–J transition were deposited, the 
dating of these deposits has been based mainly on 
palynomorphs and, in some cases, bivalves. 
This paper provides an updated review of our current 
knowledge on the T–J transition in northern and eastern 
Spain, based on the study of more than 20 successions 
(including surface sections, cored diamond drill holes 
[DDH] and interpreted well-logs). These sections are 
summarized and correlated to reconstruct the palaeo- 
geographic evolution of this part of the Iberian platform 
system. The region studied is divided into five areas that 
correspond to five major geological units: the Asturias 
area, the Basque–Cantabrian Range, the Iberian Range, 
the Tajo Basin and the Ebro Basin-Pyrenees (Fig. 1). 
 
 
 
Fig. 1. a) Early Jurassic palaeogeographic map (modified after Ziegler, 1990) showing the study area (outlined) and the Messejana Dyke (Sebai et al., 
1991; Wilson and Giraud, 1998; Knight et al., 2004). b) Distribution of the outcrops of the Jurassic deposits in northern and eastern Spain, and the 
location of Figs. 2, 7, 9, 11 and 12. 
 
 
2. Materials and methods 
 
The stratigraphic successions of the Cantavieyo and 
Vilorteo boreholes were obtained from a detailed study 
of the recovered cores. Both boreholes were inclined by 
17.5° and intersected strata dipping by 3.5°. The depths 
obtained for the boundaries of every intersected unit 
were recalculated into real thicknesses (Figs. 2, 4 and 6). 
Stratigraphic succession in wells has been obtained from 
interpreted well-logs (gamma-ray, resistivity, neutron, 
sonic) and original mud-logs (Figs. 7, 11, 12). 
For the palynological study, 31 samples from the 
Vilorteo borehole, 18 samples from the Cantavieyo 
borehole, 8 samples from the Barzana section, 6 samples 
from the Poza de la Sal section, 4 samples from the 
Miedes de Atienza section and 2 samples from the 
Decantadero section were examined. Samples were 
prepared following the method of Phipps and Playford 
(1984), based on acid attack (HCl, HF, HNO3) at high 
temperature. The palynomorph concentration was esti- 
mated by passing the resulting residues through 500, 
250, 75, 50 and 12 μm sieves. Slides were prepared by 
mounting the palynomorphs in glycerine jelly. They 
were then identified and at least 300 specimens were 
counted for each sample on four slides to determine the 
species ratios. 
For δ13Corg determination, 41 bulk rock samples of 
lutites and carbonates from the latest Triassic and 
earliest Jurassic in the Cantavieyo DDH (Asturias) were 
pulverized and analysed at the Isotech Labs (IL, USA). 
 
3. Asturias 
 
The Asturias area in northern Spain is home to the 
most northwesterly outcrops of the Iberian platform 
system where the T–J boundary has been recorded. The 
discovery of a specimen of the ammonite Caloceras 
pirondii (Reynès) southwest of Aviles (Fig. 2), allowed 
the dating of the upper part of the early Hettangian 
deposits. However, this specimen was found ex situ, in a 
boulder of a bivalve-rich carbonate. This indicates that a 
part of the Hettangian is definitely represented in this 
area, although the location of the T–J boundary has 
remained uncertain. Gómez et al. (2005) report the 
presence of Arcestidae? ammonoids that are restricted to 
the Late Triassic, and Psiloceras sp. of Hettangian age, 
from the Colunga section (Fig. 2), together with numerous 
species of bivalves that support these age assignments. 
The T–J boundary has traditionally been placed in 
the ‘Transition Beds of the Caravia Beach’, which are 
overlain by the Solis Member of the Gijon Formation 
(Suárez Vega, 1974). However, a palynological study by 
Martínez García et al. (1998) showed that the ‘Transition 
Beds’ are late Rhaetian in age. Later studies based on the 
Barzana section (Barrón et al., 2002) and the Cantavieyo 
and Vilorteo DDH (Fig. 2; Barrón et al., 2005, 2006) 
confirm a Rhaetian age (Rhaetipollis germanicus Zone) 
for this unit. These studies also show that the 
palynomorph-based T–J boundary is within the Solis 
Member which comprises 41–68 m of well bedded 
dolostones and limestones with thin interbedded lutites. 
Thin layers of tempestitic bivalve-rich lime packstones, 
in which the specimen of C. pirondii was found, are 
common, and have been observed both in boreholes and 
in surface sections. The carbonates of the Solis Member 
are organised in shallowing-upwards sequences com- 
posed of a lower unit of subtidal carbonates (locally 
bioturbated) that occasionally contain bivalve-rich shell 
layers, a middle part composed of intertidal to supratidal 
carbonates with algal laminations, broken laminae and 
flat pebble breccias, and an upper part composed of 
lutitic deposits interpreted as distal fan–delta facies. 
The palynological study of the Cantavieyo and 
Vilorteo DDHs and the Barzana section (Barrón et al., 
2002, 2005, 2006) allowed construction of the range 
chart shown in Fig. 3. Seven miospore species did not 
persist beyond the late Rhaetian, only six appeared in 
the T–J transition, and 22 taxa appeared in the early 
Hettangian, reflecting the biotic crisis around the T–J 
boundary. 
The lower part of the Solis Member is Rhaetian in age, 
as indicated by the presence of the miospores Ovalipollis 
pseudoalatus and Tsugaepollenites pseudomassulae, 
which do not extend above the T–J boundary (Morbey 
and Neves, 1974; Visscher and Brugman, 1981; Fowell 
and Olsen, 1993; Hounslow et al., 2004). In the upper 
part of the Solis Member, the presence of Ischyosporites 
variegatus and Cerebropollenites thiergartii indicates a 
Jurassic, probably Hettangian, age for this part of the unit 
and the overlying Barzana Member. Both species are 
included within the Kraeuselisporites reissingeri Zone, 
which in Asturias begins with the common and con- 
tinuous presence of the index species K. reissingeri 
(Figs. 3 and 5). In the lower–middle part of the Solis 
Member, the palynomorph assemblage is very poor and 
does not allow clear dating. These parts of the sections 
could be Rhaetian or Hettangian, and are referred to as 
the T–J transition in Figs. 2–6. 
Before establishing the approximate position of the 
T–J boundary in this area on the basis of biostrati- 
graphic data, Aurell et al. (2002, 2003) and Robles et al. 
(2004) suggested that an unconformity, that was 
perhaps angular and erosional, occurred at this level. 
However, the lack of substantial sedimentary 
 
 
 
 
Fig. 2. Geological map of the central Asturias area with the locations of the Cantavieyo and Vilorteo DDHs and the Barzana section. The correlation 
panel shows the relationship between the lithostratigraphic units (dashed lines). The probable location of the T–J boundary is marked as a continuous 
line; the interval of uncertainty is marked as the T–J transition. 
 
 
 
 
Fig. 3. Composite range chart summarizing the selected miospore taxa found in Asturias. 
 
discontinuities in the outcrops and boreholes around the 
T–J boundary, the marked lateral continuity of the Solis 
Member (Barrón et al., 2002, 2006; González et al., 
2004), and the lack of biostratigraphic evidence of any 
substantial hiatus, do not support the idea of such 
unconformity. 
Overlying the Solis Member, the Barzana Member is 
composed of an irregular alternation of lutites, evaporites 
and carbonates with minor interbedded breccias. This 
unit is organised in shallowing-upwards sequences of 
which the lower part is made of carbonates that may 
contain algal laminations; these were deposited on a 
subtidal to intertidal carbonate platform. The middle part 
contains banded anhydrite and gypsum that commonly 
show chickenwire structures and enterolithic folds, 
indicating that subtidal to supratidal sabkha environ- 
ments were dominant at that time. The upper part is 
composed of lutites representing distal alluvial systems. 
The preserved part of the unit is only 7 m thick in the 
Barzana surface section (Fig. 2; Barrón et al., 2002), 
while in the boreholes it reaches 43 m (Fig. 2; Barrón 
et al., 2006). 
The Fabares Member is a gravel to block-size 
chaotic carbonate breccia more than 100 m thick, and 
matrix-supported by grey to black and brown lutites 
(Fig. 2, Barrón et al., 2002, 2006; González et al., 
2004). In outcrops, this breccia locally directly 
overlies the carbonates of the Solis Member, indicat- 
ing it to be (at least in part) the time-equivalent of the 
lutites, evaporites and carbonates of the Barzana 
Member. Such a correlation supports an origin by 
collapse following the dissolution of the interbedded 
evaporites. 
 
3.1. The δ13Corg isotope curve in the Cantavieyo DDH 
(Asturias) 
 
Important negative δ13C excursions at the T–J 
transition have been reported from Csővár in Hungary 
(Pálfy et al., 2001), St. Audrie's Bay (UK), and 
Astartekløft (Greenland) (Hesselbo et al., 2002), Ken- 
necott Point in the Queen Charlotte Islands, western 
Canada (Ward et al., 2001), the New York Canyon sec- 
tion in Nevada, USA (which at present offers the highest 
  
 
 
resolution in ammonite biostratigraphy, Guex et al., 
2004), and the Bergamasc Alps in northern Italy (Galli 
et al., 2005). These negative δ13C excursions, which 
indicate strong perturbations of carbon cycling, appear to 
be global in their extent and offer a potentially out- 
standing criterion for correlation. They are almost cer- 
tainly associated with the probable dominant causal 
factor of the end-Triassic mass extinction. 
In the Cantavieyo DDH, 41 bulk rock samples were 
collected from a 100 m thick section of evaporites, 
lutites and carbonates from the uppermost Triassic and 
lowermost Jurassic. The samples were mainly lutites, 
but some carbonates were also sampled and analysed for 
δ13Corg. Organic carbon was absent in four samples of 
carbonates; no assays were feasible with these. 
The obtained δ13Corg values range from − 22.6‰ to 
− 28.8‰ (Fig. 4). Except for two anomalous values, the 
δ13Corg curve is well-defined and stable, largely with no 
significant scatter. This supports the conclusion that the 
recorded values represent a primary isotopic signal. In 
the lower part of the curve, the sediments corresponding 
to the Rhaetian Rhaetipollis germanicus Zone consis- 
tently showed relatively high values, averaging about 
− 22.6‰. This part includes samples from the base of the 
carbonates of the Solis Member. Only a single negative 
excursion or outlier is seen in this part of the section, 
whose diagenetic origin cannot be ruled out, reaching a 
value of − 25.9‰. In the dolostones of level 60 of the 
Solis Member, a significant negative shift of − 3.4‰ 
begins. This negative excursion reaches a minimum 
value of − 26.5‰ in the base of the Kraeuselisporites 
reissingeri Zone, which is regarded as the beginning of 
the T–J transition on the basis of palynomorph 
biostratigraphy. Above this level, the negative excursion 
continues upwards very consistently within the Hettan- 
gian carbonates of the Solis Member and up to level 23 in 
the heterolithic Barzana Member, above which a 
minimum peak value of − 28.8‰ occurs up to level 22; 
the values then increase towards the top of the borehole. 
A main negative isotope excursion develops from level 
60 upwards (Fig. 4) and is observed up to the top of the 
Barzana Member. This unit is Hettangian in age, but its 
isotopic compositions do not show a return to the values 
recorded in the Rhaetian. 
 
3.2. Correlation of the Asturias δ13Corg isotope curve 
with other isotope data 
 13 
Fig. 4. δ Corg curve for samples from the Cantavieyo DDH (Asturias), Comparison with the δ13Corg isotope curve obtained 
and the distribution and relative abundance of the significant miospore 
species. in the T−J transition in Hungary (Pálfy et al., 2001), the 
UK and Greenland (Hesselbo et al., 2002), western 
Canada (Ward et al., 2001), Nevada (USA) (Guex et al., 
 
 
 
 
Fig. 5. Pollen diagram of the Cantavieyo DDH (Barrón et al., 2006, modified). 
 
2004) and northern Italy (Galli et al., 2005) shows that 
the perturbation of the global carbon cycle that occurred 
at this level was also recorded in the shallow marine 
carbonates and intertidal, supratidal and terrestrial 
deposits intersected in the Cantavieyo DDH in Asturias. 
The lower part of the negative excursion peaks 
recorded in the other mentioned sections might corre- 
spond to the beginning of the negative δ13Corg isotope 
excursion recorded in Asturias. The dating of the onset of 
the isotope shift in the reference section indicates a latest 
Rhaetian or near T–J boundary age. In Asturias it 
appears that the main δ13Corg isotope negative excursion 
started in the latest Rhaetian and developed mainly 
during the Hettangian. The currently available data do 
not allow the study of the upwards development of this 
anomaly since the section is represented by a chaotic 
collapse breccia in which no detailed stratigraphic 
studies can be performed. 
In Hungary, the δ13Corg anomaly (Pálfy et al., 2001) 
appears to start in the Rhaetian or near the T–J boundary. 
In the UK and Greenland, the initial isotope anomaly 
may also be Rhaetian in age or coincide with the locally- 
defined T–J boundary, and the main anomaly might be 
Hettangian (Hesselbo et al., 2002). In Nevada, the δ13- 
Corg curve obtained by Guex et al. (2004) is not very well 
defined, but it may start in the Rhaetian and develop into 
the Hettangian. At Kennecott Point (Canada), the 
disconformity near the base of the Hettangian makes 
correlation difficult, but the beginning of the anomaly 
could be Rhaetian or at the T–J boundary, and continue 
above the first appearance of Jurassic radiolarians (Ward 
et al., 2001). Finally, in Italy, the beginning of the 
negative isotope pulse appears to coincide with the 
locally-defined T–J boundary (Galli et al., 2005) and is 
followed by a positive C-isotope excursion. 
 
3.3. Palaeoclimatic changes inferred from the palyno- 
morph record in Asturias 
 
An actualistic approach is limited by the virtual 
absence of modern plants similar to those of the 
Mesozoic. Nevertheless, spores and pollen grains are 
good indicators of terrestrial palaeoclimatic conditions. 
To analyse the palaeoclimate around the T–J boundary, 
the palynomorphs recognized in each stratigraphic 
horizon were identified and counted. A result of the 
counting of miospores recorded in the Cantavieyo DDH 
is summarized in Fig. 5. On the basis of the water needs 
of the different plants and/or their adaptability to dry 
environments, the miospores were divided into two 
groups, those related to hygrophytic plants which pre- 
ferentially thrive in wet environments, and those related 
to xerophytic plants adapted for growth under dry 
conditions (see Barrón et al., 2006, Table I). 
During the late Rhaetian, and in the lower part of the 
Kraeuselisporites reissingeri Zone corresponding to the 
T–J transition, xerophytic plants (mainly conifers, such 
as Ovalipollis pseudoalatus, Tsugaepollenites pseudo- 
massulae, Rhaetipollis germanicus, Granuloperculati- 
pollis rudis, Corollina spp.) dominated the flora 
(Figs. 4–6). The inferred palaeolatitude of Iberia, 
between 25° and 30° during the Early Jurassic 
 
 
 
 
Fig. 6. Percentage of hygrophytic and xerophytic plants (based on 
miospores, disregarding Corollina) in the Cantavieyo DDH. 
(Fig. 1a) and Late Triassic (Gaetani et al., 2000; Thierry, 
2000), indicates a subtropical position (Stampfli et al., 
2001). This supports the reconstruction of desert-like 
palaeoclimatic conditions for the Asturias area (Rees 
et al., 2000). In agreement with the climate model 
proposed for the Late Triassic of Pangaea, this indicates 
the presence of dry equatorial and continental interior 
regions and humid belts at higher latitudes and around 
the Tethys Ocean (Parrish, 1993; Fawcett et al., 1994; 
Tanner et al., 2004). The peaks of relatively greater 
abundance of hygrophytic plants (such as Uvaesporites 
argenteaeformis, Vitreisporites bjuvensis, Anapiculatis- 
porites spiniger) recorded in the Rhaetian of Asturias 
(Fig. 5) might reflect the strong monsoon precipitation 
regime that dominated in Pangaea during the Late 
Triassic (Kutzback and Gallimore, 1989; Parrish, 1993). 
Within the T–J transition, about 10 m above the 
beginning of the negative δ13Corg anomaly, a marked 
increase in the proportion of hygrophytic plants indicated 
an interval of more humid conditions, which developed 
mainly during the earliest Hettangian (Fig. 6). The notable 
increase in these species (such as Cyathidites australis, 
Ischyosporites  variegatus, Anapiculatisporites  spiniger, 
Kraeuselisporites reissingeri, Apiculatisporites leviorna- 
tus, Calamospora tener) is indicative of a significant 
climate change near the T–J boundary. Coinciding with 
this wet interval, a radiation event is recorded in Asturias, 
indicated by the appearance of more than 22 palynomorph 
species (Fig. 3; Barrón et al., 2006). 
The temperature changes that occurred across the 
system boundary are a matter of controversy. Hubbard 
and Boulter (1997, 2000) suggested the beginning of a 
widespread cooling event at the T–J boundary in 
northern European sections, on the basis of palynolog- 
ical changes. Warming around this boundary is indicated 
by palaeobotanical evidence (McElwain et al., 1999) and 
by the development of the δ18Ocarb curve in the Csővár 
section in Hungary (Pálfy et al., 2001), as well as 
relatively high values of organic carbon and an abrupt 
negative carbon-isotope anomaly in marine carbonate, 
organic matter and terrestrial wood (McElwain et al., 
1999; Ward et al., 2001; Hesselbo et al., 2002; Jenkyns, 
2003). In this respect, the different species of the 
thermophilous genus Corollina (dominant and widely 
distributed pollen grains in many parts of the Northern 
Hemisphere during the Late Triassic and Early Jurassic), 
show an increase in abundance around the T–J boundary 
as noted in Europe and Eastern North America (Fowell 
and Olsen, 1993; Hesselbo et al., 2002). This fact is also 
found in the palynological assemblages recorded in 
Asturias, as can be observed in the pollen diagram of 
Fig. 5. 
 
 
4. The Basque–Cantabrian Range 
 
The Basque–Cantabrian Range (Fig. 1) is a south- 
facing thrust and fold belt, and is interpreted as the 
western prolongation of the southern Pyrenean thrust 
system. Mostly Cretaceous and Cenozoic sediments crop 
out in the east–west trending belt, except for the western 
part, where Triassic and Jurassic rocks in normal or 
diapiric structures are also seen. Deposits where the T–J 
boundary is supposedly represented have been inter- 
sected in wells drilled around the Ayoluengo oil field 
north of Burgos (Fig. 7). One of the best outcrops of the 
Late Triassic and Early Jurassic rocks is located in the 
Poza de la Sal diapir (Fig. 7). Its structure and 
stratigraphic features were described by Hempel 
(1967), Salvany (1990a,b) and Klimowitz et al. (1999) 
and a palynomorph-based stratigraphy of the T–J 
transition is presented by Barrón et al. (2001). 
In the Poza de la Sal section, where salt deposits of the 
Late Triassic Keuper facies have been exploited, a 
succession of clays with evaporites above the salt contain 
Carnian palynomorphs (Camerosporites secatus, Enzo- 
nalasporites tenuis, Partitisporites quadruplices, Prae- 
circulina granifer, Triadispora spp.). Overlying these 
deposits there is a succession of dolostones, carbonate 
breccias and lutites with volcaniclastic materials that has 
been attributed to the Imon Formation (Barrón et al., 
2001). The carbonates are organised into shallowing- 
upwards sequences in which the lower part is composed 
of massive dolostones and the upper part consists of 
banded dolostones with algal laminations and occasional 
tepees. Carbonate breccias, interpreted as collapse 
breccias due to the dissolution of evaporites, as well as 
marls and sandstones, lutites and volcaniclastic materials 
are interbedded with the carbonates (Fig. 7). The 
palynomorphs from the Imon Formation indicate a 
Norian–Rhaetian age (Corollina meyeriana, C. torosa, 
Cyathidites australis, Uvaesporites argenteaeformis, 
Vesicaspora fuscus, Kraeuselisporites reissingeri, Car- 
nisporites lecythus, Deltoidospora toralis). This forma- 
tion is overlain by carbonate breccias of the Cortes de 
Tajuña Formation that may exceed 45 m in thickness. 
The palynomorphs found in a marly layer 5 m above the 
base of this breccia unit are compatible with a Rhaetian 
age (Barrón et al., 2001), and suggest that the T–J 
boundary could be included within the breccias of the 
Cortes de Tajuña Formation since the latter are overlain 
by the carbonates of the Cuevas Labradas Formation 
which contains Early Jurassic (Sinemurian) ammonites 
in some places (Braga et al., 1988). 
Log interpretations of the Abar-1, Tozo-5, Sal-2, 
Villalta-1 and Ribero-1 wells, drilled west and north of 
the Poza de la Sal diapir, show a slightly different strati- 
graphic succession. In subsurface studies, the top of the 
Keuper facies is commonly located on top of the upper- 
most salt interval. Between this level and the marine 
carbonates of the Cuevas Labradas Formation, 115 to 
over 275 m of anhydrites and carbonates with inter- 
bedded lutites have been encountered in many wells 
(Fig. 7). 
Correlation of surface and subsurface data indicates 
that the carbonates of the Imon Formation are repre- 
sented by an equivalent carbonate unit, commonly with 
anhydrites, which was dissolved at or near the surface. 
The palynomorph data from outcrop indicate that the 
lutites and evaporites of the Keuper facies above the salt 
are Carnian–Norian in age, and that the carbonates of the 
Imon Formation are Norian–Rhaetian. The thick 
succession of anhydrites, carbonates and lutites between 
the carbonates of the Imon Formation and the carbonates 
of the Cuevas Labradas Formation (which are Sinemur- 
ian in age) can be correlated with the Lecera Formation 
in the Iberian Range (Gómez and Goy, 1998, 1999). The 
T–J boundary should therefore be placed within this 
evaporite–carbonate succession. Near-surface dissolu- 
tion of the evaporitic components of this unit resulted in 
the collapse breccias of the Cortes de Tajuña Formation. 
As a consequence, the T–J boundary cannot be marked 
in the surface sections within the collapsed unit. The 
proportion of carbonates relative to evaporites above the 
Keuper salt deposits increases from Poza de la Sal 
towards the west (Abar-1 well) and north (Ribero-1 
well), resulting in outcrops of a succession of carbonate 
units whose age is difficult to ascertain. 
The evaporite–carbonate–lutite succession of the 
Lecera Formation around the T–J boundary in the 
western Basque–Cantabrian Range might be indicative 
of arid, desert-like conditions in this area. Well-log 
interpretation of this formation indicates normal, metre- 
scale, shallowing-upwards sequences, suggesting that no 
major sea-level changes occurred in this area. In 
addition, no evidence was found for the unconformity 
at the T–J boundary postulated by some authors (Aurell 
et al., 2002, 2003; Robles et al., 2004). The strong lateral 
continuity of the sedimentary units at the surface, in 
seismic lines, and in the wells, does not support the 
presence of any important unconformity. 
 
5. The Iberian Range 
 
The Iberian Range (Fig. 1) is a northwest-trending 
fold and thrust belt where Late Triassic and Early 
Jurassic deposits (Fig. 8) are well-exposed. Overlying 
the extensive Keuper evaporitic playa flat facies, the 
 
 
 
 
Fig. 7. Geological map of the western part of the Basque–Cantabrian Range showing the locations of the Poza de la Sal section and the Abar-1, 
Tozo-5, Sal-2, Villata-1 and Ribero-1 wells. 
 
 
 
 
Fig. 8. Chart showing the stratigraphic framework of the Late Triassic–Early Jurassic deposits of the Iberian Range (Gómez and Goy, 1997b, 2005). 
transgressive shallow marine to peritidal carbonate 
platform of the Imon Formation, representing the base 
of cycle LJ1, cover much of the Iberian platform system. 
The regressive part of this cycle is formed by the 
evaporites of the Lecera Formation, which grades to the 
west towards the mainly lutitic Miedes de Atienza Unit. 
The time-equivalents of the evaporites are the collapse 
breccias of the Cortes de Tajuña Formation. On top of 
this cycle, a transgressive interval of cycle LJ2 is 
represented by the carbonate platform of the Cuevas 
Labradas Formation. 
The Imon Formation is composed of shallowing- 
upwards sequences (Gómez, 1991), typically consisting 
of three units. The lower unit is commonly composed of 
dolomitic grainstone bars with cross-bedding. The 
intermediate unit is composed of bioturbated subtidal 
microcrystalline dolostones, occasionally with ripples, 
and bioclastic rills interpreted as tempestites. The upper 
unit is characterized by intertidal to supratidal carbo- 
nates with algal laminations, broken laminae, fenestral 
and evaporitic moldic porosity and enterolithic folds 
(Gómez, 1979, 1991; Gómez and Goy, 1997a, 1998, 
2004, 2005). The thickness of this transgressive unit 
varies between 14 and 40 m. The available biostrati- 
graphic data indicate a Norian–Rhaetian age for the 
Imon Formation. The lower parts of this formation in the 
Catalan Coastal Ranges and the equivalent Isabena 
Formation in the Pyrenees are Norian in age, based on 
the presence of foraminifers of the Gandinella falso- 
friedli Zone (latest Alaunian–middle Sevatian) of Salaj 
et al. (1988). Based on its bivalve assemblages, the 
upper part of the Imon Formation in the Catalan Coastal 
Ranges is Rhaetian in age (Márquez et al., 1991, 1994; 
Arnal et al., 2002). In the northwestern portion of the 
Castilian Branch, the upper part of the Imon Formation 
contains bivalves known from the lower part of the 
Rhaetavicula  contorta  beds  of  the  Alps  (Goy  and 
Márquez-Aliaga, 1998), thus indicating a Rhaetian age. 
The Lecera Formation comprises thick evaporites 
with minor interbedded dolostones, representing the 
regressive phase of cycle LJ1 (Fig. 8, Gómez and Goy, 
1998, 1999, 2004, 2005). Gypsum and anhydrites are 
massive to banded, and occasionally contain ripples and 
enterolithic folds. The dolostones commonly show algal 
laminations and less common ripples, tepee structures 
and algal boundstone facies. As discussed below, this 
unit is mainly preserved in the subsurface of the adjacent 
Tajo and Ebro Cenozoic basins (Castillo-Herrador, 1974; 
Morillo Velarde and Meléndez Hevia, 1979; Jurado, 
1990; Gómez and Goy, 1998). Palynological data 
obtained in the Levantine Sector of the Iberian Range, 
indicate a Rhaetian age for the lowermost part of the 
formation (Pérez-López et al., 1996). 
 
5.1. The  T–J  boundary  in  the  western  part  of  the 
Iberian Range 
 
In the northern part of the Castilian Branch of the 
Iberian Range (Fig. 1), deposits around the T–J 
boundary are observed in the Miedes de Atienza section 
 
 
(Fig. 9). Above the Keuper facies, which contains 
palynomorphs indicating a Carnian–Norian age (Her- 
nando et al., 1977; Sopeña et al., 1995), the carbonates of 
the Imon Formation (which feature cross-bedding, 
ripples and algal laminations) are organised in shallow- 
ing-upwards sequences. The bivalve assemblages found 
in the upper part of the Imon Formation are similar to 
those reported by Goy and Márquez-Aliaga (1998) from 
the neighbouring areas, and are dated as early Rhaetian. 
In this area of the Iberian Range, marls of the Miedes 
de Atienza unit with interbedded carbonates and 
occasionally with enterolithic folds overlie the carbonate 
unit. The miospore assemblages from this part of the 
section are dominated by Corollina meyeriana with less 
common C. torosa; this is compatible with a Rhaetian 
age. The upper part of the section is composed of 
carbonate breccias of the Cortes de Tajuña Formation 
which, in this area, is divided into a lower member 
composed of carbonate breccias with a marly matrix, and 
an upper part composed of carbonate breccias with 
carbonate cement. In the upper part of the marly breccias, 
Cerebropollenites thiergartii (a taxon characteristic of 
the Hettangian) is found in addition to Corollina 
meyeriana and C. torosa. Samples collected between 
the lower and upper parts of the Cortes de Tajuña 
Formation are Hettangian in age and dominated by C. 
torosa associated with the acritarch Michrystridium, 
which are also found in neighbouring areas (Barrón and 
Goy, 1994). The T–J boundary in the western Iberian 
Range is located within the breccias of the Cortes de 
Tajuña Formation, which represents a collapse breccia 
resulting from dissolution of evaporites in the Lecera 
Formation. 
 
5.2. The T–J boundary in the eastern part of the Iberian 
Range 
 
The regressive evaporitic Lecera Formation outcrops 
in the eastern part of Iberian Range, almost exclusively in 
the Lecera area (Decantadero section, Figs. 10–12; Rios 
et al., 1981; Gómez, 1991). A few outcrops have also 
been described in the Levantine Sector (Pérez-López 
et al., 1996). In the Decantadero section, the Keuper 
facies, which yielded a Carnian palynological assem- 
blage, is overlain by the carbonates of the Imon 
Formation, succeeded by evaporites of the Lecera 
Formation. The latter comprises massive to banded 
gypsum, occasionally with ripples and enterolithic folds, 
and interbedded carbonates with algal laminations and 
tepees. 
In the breccia corresponding to the dissolved upper 
part of the evaporites, a poor palynological assemblage 
 
 
 
 
Fig. 9. Stratigraphic succession for the Miedes de Atienza area in the 
western part of the Iberian Range. 
 
 
 
 
 
Fig. 10. Stratigraphic succession in the Decantadero section near the 
village of Lecera in the eastern part of the Iberian Range. 
 
was found in the Decantadero section with dominant 
Corollina and Michrystridium similar to that seen in 
the Miedes de Atienza section. This is compatible with a 
Hettangian age. In the Levantine Sector of the Iberian 
Range, the base of the Lecera Formation contains a 
palynological assemblage that suggests a Rhaetian age 
(Pérez-López et al., 1996). Therefore, the T–J transition 
probably occurs within the evaporites of the Lecera 
Formation in different areas, as indicated by several 
authors (Castillo-Herrador, 1974; Ortí, 1987; Pérez- 
López et al., 1996; Gómez and Goy, 1997a, 1998, 1999, 
2004; Ortí and Salvany, 2004). 
The scarcity of surface outcrops does not allow 
continuous observations of the deposits around the T–J 
boundary, but it appears that no major sea-level changes 
can be inferred from the Lecera Formation, that the 
evaporite-dominated lithology is indicative of desert-like 
conditions, and that no remarkable environmental 
changes occurred in this area during the T–J transition. 
Comparison of the surface data from the Iberian 
Range, the subsurface data from the Tajo and Ebro 
Cenozoic basins, and the available biostratigraphic data 
support the conclusion that the breccias of the Cortes de 
Tajuña Formation are the near-surface dissolved equiv- 
alent of the evaporites of the Lecera Formation (Castillo- 
Herrador, 1974; Morillo Velarde and Meléndez Hevia, 
1979; Gómez, 1979, 1991; Ortí, 1987, 1990; Jurado, 
1990; Pérez-López et al., 1996; Gómez and Goy, 1997a, 
1998, 1999, 2004, 2005; Ortí and Salvany, 2004). Other 
authors suggest that these deposits are sedimentary talus 
breccias related to synsedimentary faulting (San Román 
and Aurell, 1992; Aurell et al., 1992, 2002, 2003; 
Campos et al., 1996; Bordonaba et al., 1999; Bordonaba 
and Aurell, 2001), associated with a supposed angular 
and erosional unconformity at the T–J boundary, though 
some of these authors (Bordonaba and Aurell, 2002) also 
propose a dissolution–collapse origin. 
 
5.3. The supposed T–J boundary unconformity 
 
The T–J boundary has never been placed with 
precision in the Iberian Range. Without establishing 
the approximate position of the boundary, the presence 
of an angular and erosional unconformity between the 
carbonates of the Imon Formation and the evaporites and 
carbonates of the Lecera Formation, or their equivalent 
collapse breccias (the Cortes de Tajuña Formation) was 
postulated (Aurell et al., 1992; San Román and Aurell, 
1992; Campos et al., 1996; Aurell et al., 2002, 2003). 
However, the boundary between these units is early 
Rhaetian, and consequently the supposed unconformity 
cannot be identified as the T–J boundary. In addition, 
 
 
 
 
Fig. 11. The outcrops of Jurassic deposits in the Iberian Range, and the locations of the Decantadero and Chelva sections and the Belmontejo-1, 
Gabaldon-1, Ledaña-1 and Carcelen-1 wells. 
observational evidence at different scales indicates that 
no widespread erosional and angular unconformity 
between the Imon Formation and the Lecera Formation 
(or its Cortes de Tajuña Formation equivalent) is present 
in the Iberian Range. 
Data at the regional mapping scale indicate that there 
was no significant erosion of the top of the Imon 
Formation. The Imon and Cortes de Tajuña formations 
have been mapped, and no unconformities are known in 
more than 120,000 km2 of the Iberian Range. These 
formations can be traced in the subsurface of the 
neighbouring Tajo and Ebro Cenozoic basins (in wells 
and seismic lines), and as far as the Aquitaine Basin in 
southern France (Carcans Dolostone; Ortí, 1987). This 
remarkable continuity, which extends to the Catalan 
Coastal Range, the Pyrenees (Isabena Formation of 
Arnal et al., 2002) and the Betic Cordillera (Zamoranos 
Formation of Pérez-López et al., 1992), does not support 
a 15 km-long system of successive half-grabens as 
proposed by San Román and Aurell (1992) and Aurell 
et al. (1992) for the Iberian Range. Local unconformities 
in different units of the Jurassic are possibly due to the 
presence of structural highs generated during the Late 
Variscan unconformity and/or Triassic rifting (Pérez- 
Arlucea, 1987; López-Gómez, 1987; Sopeña et al., 1988; 
López-Gómez et al., 2000, 2002; Sánchez-Moya et al., 
2004) but not covered until the Late Triassic or Early 
Jurassic. In addition, false unconformities may be locally 
present due to tectonic detachments developed in the 
evaporitic successions between the Variscan (Permian– 
Early Triassic) tegument and the thick Jurassic to 
Cenozoic cover (Morillo Velarde and Meléndez Hevia, 
1979; Bartrina et al., 1990; Guimerá and Alvaro, 1990; 
Gómez et al., 1996, Simón et al., 2002). 
 
 
 
 
Fig. 12. Geological map of the eastern part of the Ebro Basin showing the location of the Decantadero section in the Iberian Range, the Lopin-1, 
Bujaraloz-1, Ballobar-1, Ebro-2 and Mozon-1 wells drilled in the Ebro Basin, and the Camarasa section in the Pyrenees. 
 
 
The biostratigraphic data also fail to suggest the 
presence of an unconformity between the Imon Forma- 
tion and the Lecera or the Cortes de Tajuña formations. 
The age of the Imon Formation is Norian to Rhaetian, 
and its top shows a consistent early Rhaetian age in 
widely separated sections, from the Castilian Branch and 
the Levantine Sector of the Iberian Range (Goy and 
Márquez-Aliaga, 1998), to the Catalan Coastal Range 
(Arnal et al., 2002). This isochrony is not compatible 
with the presence of an angular and erosional unconfor- 
mity in this part of the unit. In addition, the lower part of 
the thick section of monotonous evaporites and carbo- 
nates of the Lecera Formation is still Rhaetian in age 
(Castillo-Herrador, 1974; Utrilla et al., 1987; Ortí, 1987, 
1990; Márquez et al., 1994; Barrón and Goy, 1994; 
Pérez-López et al., 1996; Gómez and Goy, 1998, 1999; 
López-Gómez et al., 2000; Barrón et al., 2001; Arnal 
et al., 2002; Barrón et al., 2006). This constrains the 
duration of any phase of deformation and erosion. The 
entire Triassic and part of the Palaeozoic strata could not 
have been eroded away in such a short time as Aurell 
et al. (1992) imply. As a consequence, the available 
facies distribution, rock body geometry, sedimentolog- 
ical and biostratigraphic data are incompatible with the 
presence of a widespread unconformity at the T–J 
boundary as originally proposed by Aurell et al. (1992, 
2002, 2003), San Román and Aurell (1992), and Campos 
et al. (1996). The biostratigraphic data indicate that the 
T–J boundary is probably located within the evaporites 
and carbonates of the Lecera Formation where no 
unconformities have been reported. 
 
6. The Tajo Basin 
 
In the Tajo Basin (Fig. 11) a more or less complete 
Mesozoic section occurs under a mainly continental 
Cenozoic cover, and is penetrated by oil exploration 
wells. Well-log interpretation of the deposits between the 
Late Triassic Keuper facies and the transgressive 
carbonates of the Cuevas Labradas Formation revealed 
sediments corresponding to cycle LJ1 of the Iberian 
Range (Fig. 8). This confirms the palaeogeographical 
continuity of this area with the adjacent mountain range. 
The transgressive interval is represented by the carbo- 
nates of the Imon Formation. This unit is also present at 
the surface, as in the Chelva and Decantadero sections, 
and in the evaporites and minor carbonates of the Lecera 
Formation, which are more than 250 m thick (Fig. 11). 
The carbonates of the Imon Formation can be 
traced in the wells drilled in the Tajo Basin and 
correlated with the surface data of the Iberian Range 
sections. The evaporites of the Lecera Formation are 
represented at the surface by the dissolution–collapse 
breccias of the Cortes de Tajuña Formation, or with 
the few outcrops of the evaporitic unit (as seen in the 
Decantadero section). 
From the Carcelen-1 well (Fig. 11), Castillo- 
Herrador (1974) reported the presence of the palyno- 
morphs Classopollis (now assigned to Corollina) and 
Ricciisporites tuberculatus, which was taken to indicate 
a Rhaetian age. However, the stratigraphic distribution 
of this palynological assemblage extends from the 
Norian to the Hettangian (Batten and Koppelhus, 
1996), and these data are consistent with the location 
of the T–J boundary within the evaporites of the Lecera 
Formation. 
 
7. The Ebro Basin 
 
The Ebro Basin, located between the Pyrenees, the 
Catalan Coastal Ranges and the Iberian Range (Figs. 1 and 
12), is filled with Cenozoic deposits. The basin has been 
explored for hydrocarbons; well-log interpretation allowed 
the construction of a correlation panel from the Iberian 
Range to the southern margin of the Pyrenees (Fig. 12). 
As in the other areas, the transgressive Imon Formation 
overlying the Late Triassic Keuper facies can be followed 
from the Iberian Range up to the Pyrenees, where it is 
named the Isabena Formation and dated in its lower part 
as Norian on the basis of foraminifers (Márquez et al., 
1991, 1994; Arnal et al., 2002). The remarkable lateral 
continuity of the Imon Formation is demonstrated by the 
Decantadero and Camarasa outcrops. As shown on 
opposite sides of the correlation panel in Fig. 12, the 
carbonates of the Imon/Isabena formations, which contain 
cross-bedding, ripples, algal laminations and evaporitic 
moldic porosity, were deposited in very similar environ- 
ments on the opposite sides of the basin. 
Above the Imon/Isabena formations, thick evaporites 
with interbedded carbonates and minor lutites were 
encountered in the Lopin-1, Bujaraloz-1, Ballobar-1 and 
Ebro-2 wells (Lanaja, 1987; Jurado, 1990). In the 
Camarasa section, the Pyreneen equivalent surface sec- 
tion to the Decantadero section in the Iberian Range, the 
evaporites of the Lecera Formation are also exposed. In 
both areas, this unit is composed of gypsum and anhy- 
drites with interbedded carbonates showing algal 
laminations and evaporitic moldic porosity. In the sub- 
surface, the Lecera Formation is composed of a suc- 
cession of anhydrites with interbedded carbonates and 
lutites up to 450 m in thickness. 
Palynological data from the Ballobar-1 well (Cas- 
tillo-Herrador, 1974), indicate that the lower part of the 
Lecera Formation is Rhaetian in age, based on the 
 
 
presence of Tsugaepollenites mesozoicus (= pseudomas- 
sulae) and Ovalipollis ovalis (= pseudoalatus). The 
upper part of this unit is Hettangian, based on the 
presence of Styxisporites (= Kraeuselisporites). This 
confirms that the T–J boundary is located within this 
extremely continuous unit. 
In surface or near-surface conditions, such as in the 
Decantadero and Camarasa sections, some of the 
evaporites are dissolved and partly represented by the 
collapse breccias of the Cortes de Tajuña Formation. 
Locally, as in the Monzon-1 well, the evaporitic Lecera 
Formation, occurring below a thin cover of carbonates of 
the Cuevas Labradas Formation, was affected by circulat- 
ing waters resulting in dissolution of the evaporites, and 
their subsequent collapse, as well as the generation of the 
breccias of the Cortes de Tajuña Formation before the 
deposition of the Cenozoic strata (Fig. 12). 
 
8. Palaeogeography of the Triassic–Jurassic 
transition in northern and eastern Iberia 
 
The analysis of facies and palynomorph assemblages 
of the T–J transition in northern and eastern Spain 
allows the reconstruction of the palaeogeography and 
environmental history of that interval (Fig. 13). During 
pre-Norian Late Triassic times, the area was dominated 
by evaporitic deposition, with extensive salt deposits, 
e.g. in the western Basque–Cantabrian Range. These 
evaporite-dominated sediments were deposited in ex- 
tensive evaporite flats that occupied most of central and 
southwestern Europe and northern Africa (Holser et al., 
1988). In the late Norian, a widespread transgressive 
event resulted in the flooding of much of northeastern 
Iberia. This led to the development of an extensive 
shallow-water carbonate platform corresponding to the 
Imon Formation (or Isabena Formation in the Pyrenees). 
However, in Asturias the coeval deposits are represented 
by a lutite and evaporite unit, equivalent in part to the 
Keuper facies. The distribution of the carbonate 
platform, which is well developed in the eastern part 
of the studied area but absent in the Asturias region, 
suggests that this transgressive event had a Tethyan 
origin, advancing approximately from east to west. This 
is supported by the occurrence of bivalves similar to 
those recorded in the Alpine region, such as Neoschi- 
zodus reziae (Stoppani) and Pseudocorbula alpina 
(Winkler). 
A regression in the early Rhaetian is manifested in the 
return of depositional environments dominated by the 
playa to sabkha evaporites of the Lecera Formation, with 
interbedded, very shallow-water carbonates that were 
probably formed in more or less extensive but ephemeral 
ponds. The Rhaetian regression also led to the emergence 
of the Iberian Massif, located west of the study area 
(Fig. 1a). The erosion of the emerged cratonic mass 
resulted in the development of clastic deposits, whose fine 
grained distal fan facies form the Miedes de Atienza Unit 
that overlies the Imon Formation in the western part of the 
study area. Evaporite intercalations in these lutites are 
crucial in the genesis of the lower member of the Cortes de 
Tajuña Formation, a collapse breccia generated by 
dissolution of the evaporites at or near the surface. 
 
 
 
 
Fig. 13. Three dimensional palaeogeographic reconstruction of the Late Triassic and T–J boundary in northern and eastern Spain. 
 
 
A transgression in the Asturias area later in the 
Rhaetian created the carbonate platform of the Solis 
Member, which overlies the lutite and evaporite unit. 
This transgressive phase is well recorded in Asturias but 
not in eastern Spain, which suggests that it had an origin 
in the North Atlantic area. Transition from Tethyan to 
Atlantic characteristics is observed in some areas of the 
western Basque–Cantabrian Range, where many car- 
bonate intercalations within the evaporitic and lutitic 
units are recorded. 
At the T–J boundary, consistent shallow carbonate 
platform environments were present only in Asturias. The 
western Basque–Cantabrian area had a number of 
shallow-water carbonate depositional areas, intervening 
between playa to sabkha environments with more or less 
extensive, very shallow flooded areas where mixed 
carbonate and evaporite deposition took place. Floras 
around the T–J boundary were characterized by xero- 
phytic coniferous communities, dominated by Cheirole- 
pidaceae, with poorly diversified groves of vascular 
cryptogams. During the T–J transition, the plant commu- 
nities found in Asturias were similar to those of central 
and northern Europe. However, the communities of the 
Iberian Range, and perhaps those of the Basque– 
Cantabrian Range, were more similar to those of northern 
Africa (Reyre, 1973; Adloff et al., 1985, 1986; Lachkar 
et al., 2000) and Portugal (Adloff et al., 1974). 
 
9. Discussion and conclusions 
 
The end-Triassic mass extinction, and in particular the 
Hettangian radiation following the biotic crisis, is 
recorded by miospores in the Asturian surface and 
borehole sections. During the late Rhaetian, a reasonably 
diversified flora was dominated by xerophytic conifers 
with low water needs. However, coinciding with the 
beginning of a − 3.4‰ δ13Corg negative excursion, seven 
species of palynomorphs failed to persist into the late 
Rhaetian Rhaetipollis germanicus Zone. 
Above this boundary, from the beginning of the 
Kraeuselisporites reissingeri Zone up to the palyno- 
logically defined T–J boundary, impoverishment of 
the palynomorph taxa is evident. Though first 
occurrences of six species in the Asturias basin are 
found in this transition zone, this interval is charac- 
terized by relatively low taxonomic diversity. The 
genus Corollina, the first appearance of which 
coincides with the Norian palynofloral changes, occurs 
exclusively at some levels, and appears with one 
acritarch species, one dinoflagellate cyst species and 
one species of prasinophyte alga at the T–J boundary 
(Barrón et al., 2006). 
The appearance of the first palynomorphs indicating 
a Hettangian age, such as Ischyosporites variegatus, 
coincides with a phase of recovery and radiation of the 
palynoflora. In Asturias, this renewal of the floral 
community is indicated by the appearance of 22 taxa not 
recorded in the previous intervals, and formed by 
coniferous associations, in which Cheirolepidaceae, 
Araucariaceae, Pinacea and other taxa are well repre- 
sented (Barrón et al., 2006). 
The data presented in this work do not support the 
occurrence of major changes in sea level at the T–J 
boundary. In Asturias, the T–J transition is recorded 
within the Solis Member which represents a transgres- 
sive unit composed of monotonous, metre-scale, short- 
term shallowing-upwards sequences of carbonates with 
minor lutites; no major sea-level fluctuations are indi- 
cated. In northeastern Iberia, the T–J boundary may be 
located within the thick, monotonous pile of evaporites 
of the Lecera Formation, where no indications of major 
sea-level changes and no unconformities are observed. 
Dry climate in the study area during the Rhaetian is 
indicated in Asturias by the predominance of miospores 
produced by xerophytic plants, and by the predomi- 
nance of widespread evaporite and carbonate deposition 
in the remaining areas. The aridity indicated by the flora 
and facies may be a factor involved in the end-Triassic 
mass extinction. 
Climatic changes at the T–J transition are indicated 
by a distinct, mostly Hettangian, humid interval that 
slightly postdates the onset of the δ13Corg anomaly 
(Barrón et al., 2006). In Asturias, this was marked by an 
increase in the proportion of miospores from hygrophyt- 
ic plants. This wet interval may have been a factor 
promoting the Hettangian floral recovery and radiation 
of a considerable number of species. These formed part 
of the diversified plant communities that continued 
throughout the Hettangian when more arid conditions 
returned. 
The data from T–J boundary sections around the world 
show a major carbon cycle perturbation marked by a 
negative δ13C excursion, which is also recorded in 
Asturias. Many authors agree that this is one of the most 
significant features regarding the possible causes of the 
end-Triassic mass extinction. Carbon dioxide outgassing 
related to volcanism, and the release of sea-floor methane 
from gas hydrate are among the current hypotheses 
regarding the source of the tremendous amounts of 
isotopically light carbon needed to produce a global 
climatic change capable of generating a worldwide biotic 
crisis. 
The 530 km-long Messejana (or Alentejo–Plasencia) 
diabase dyke in southwestern Iberia (Fig. 1a) is part of 
 
 
the Central Atlantic Magmatic Province (CAMP). The 
40Ar/39Ar age of this dyke is 200 Ma (Sebai et al., 1991; 
Wilson and Giraud, 1998), very similar to the 40Ar/39Ar 
age obtained for Moroccan volcanism (Knight et al., 
2004; Marzoli et al., 2004) which fits with the possible 
influence of extensive magmatic activity as one of the 
factors involved in the end-Triassic mass extinction. The 
CO2 outgassing related to more than 2 × 106 km3 of 
magmatic CAMP rocks (as calculated Marzoli et al., 
1999 and McHone, 2003) may have produced an interval 
of global warming of possibly 2 to 4 °C, which may have 
been partly responsible for the end-Triassic mass 
extinction (McElwain et al., 1999; Beerling and Berner, 
2002; Marzoli et al., 2004). The end-Triassic climate 
model of Huynh and Poulsen (2005) shows that by 
increasing the pCO2 from 2 to 8 fold, the average 
temperature would increase by 6.1 °C globally (8 °C on 
land and 5.4 °C over the oceans). In Hungary, Pálfy et al. 
(2001) report an increase in temperature near the T–J 
boundary on the basis of δ18Ocarb data. However, the 
quantification of the magmatic CO2 outgassing from the 
CAMP indicates, for some authors, that the effect of this 
would be insufficient to bring about a disturbance of 
global climate that could satisfactorily explain the end- 
Triassic mass extinction (Tanner et al., 2004). In 
addition, it has been estimated that light CO2 outgassing 
is insufficient to achieve the isotopic excursion observed 
in many T–J boundary sections in different parts of the 
world (Kump and Arthur, 1999; Pálfy et al., 2001; 
Tanner et al., 2004). However, the comparison of 
ecosystem models of future climate-warming scenarios 
with end-Triassic conditions shows a severe ecological 
crisis might be expected due to CAMP volcanic 
degassing (Huynh and Poulsen, 2005). 
The possibility that the release of methane from gas 
hydrate was one of the main factors responsible for the 
environmental changes at the T–J boundary (and 
consequently for the end-Triassic mass extinction) was 
first mentioned by Pálfy et al. (2001). These authors also 
indicate that this dissociation was probably triggered by 
the volcanism of the CAMP via a mechanism not yet 
understood (Hesselbo et al., 2000; Wignall, 2001;  
Jenkyns, 2003), and may have induced climatic and 
oceanic changes which accelerated environmental change 
and ultimately the end-Triassic biotic turnover. However, 
more refined quantification of the volume of gases 
released and the possible effect of this at a worldwide 
scale is required. Probably, as Tanner et al. (2004) have 
pointed out, the end-Triassic mass extinction was the 
result of multiple mechanisms operating during the Late 
Triassic. Together, these culminated in one of the most 
important extinction events of the Phanerozoic. 
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